Novel, potent tumor-associated antigens are needed to improve the efficacy of immunotherapy for myeloma. We demonstrated that active vaccination using the DKK1-DNA vaccine in the myeloma mouse model protected mice from developing myeloma and effectively treated established myeloma. Therefore, DKK1 could be developed as a novel vaccine for myeloma immunotherapy.
Multiple myeloma (MM) is a plasma cell malignancy that remains incurable in the vast majority of patients. Unlike other malignancies, MM cells express only a few identified tumor-associated antigens, only one of which, the idiotypic monoclonal immunoglobulin (Ig), has been tested in clinical trials. We and others have explored immunotherapy using idiotype-based vaccines for myeloma, but those studies have yielded disappointing results.
1,2 A partial explanation for the inefficacy of these idiotype-based vaccines is the weak immunogenicity of idiotype proteins and the clonal exhaustion and deletion of idiotype-specific T cells in patients due to the presence of large amounts of circulating idiotype protein via antigenpresenting cells and/or MM cells. 3, 4 Therefore, novel and more potent tumorassociated antigens, especially those shared among patients, must be identified to improve the efficacy of immunotherapy for this disease.
Recent studies have shown that Dickkopf-1 (DKK1), a secreted protein and Wnt signaling pathway inhibitor, is highly expressed by the tumor cells of almost all patients with MM 5 and is absent from normal tissues and organs, except placenta and prostate. 6 Furthermore, MM cell-derived DKK1 may be responsible, at least in part, for suppressed osteoblast formation and bone destruction associated with MM, 5 and inhibiting DKK1 activity increased osteoblast activity and bone formation, reduced osteoclast activity, and inhibited MM growth in an MM animal model. 7 Our previous results clearly showed that DKK1 is expressed by the primary tumor cells of all patients with MM, and DKK1 (peptide)-specific cytotoxic T lymphocytes (CTLs) can effectively lyse primary MM cells in vitro. 8 Hence, we hypothesized that the broad expression in MM but highly restricted expression in normal tissues, together with its functional roles as an osteoblast formation inhibitor and a potential MM growth enhancer, render DKK1 an ideal and universal target for immunotherapy in MM.
The goal of our recent study 9 was to determine whether DKK1 could be used as a tumor vaccine to elicit DKK1-specific immunity for controlling MM growth or even eradicating established MM in vivo. Therefore, we designed the expression plasmid encoding murine DKK1 cDNAdefensin-2 fusion gene and tested it in the MOPC-21 MM mouse model. In prophylactic studies, Balb/c mice (10 per group) were immunized with the DNA (murine DKK1/defensin-2 fusion) vaccine before tumor challenge. All the mice in groups that received injections of phosphate-buffered saline (PBS) or vector vaccine developed tumors. However, the survival rates of mice that received the DKK1-DNA vaccine alone or supplemented with CpG were 30% and 60%, respectively, by end of the experiment (day 90: p , 0.05 for DKK1-DNA vaccine and p , 0.01 for DKK1-DNA vaccine plus CpG, compared with PBS control). Our results showed that the DKK1-DNA vaccine plus adjuvant CpG generated superior protection against tumor challenge.
Next, we evaluated the therapeutic efficacy of the DKK1-DNA vaccine in mice with established MM using the DKK1-DNA vaccine plus CpG as a standard vaccine. In a previous study, we found that targeting the suppressive tumor microenvironment and interrupting T-cell immunosuppression increased the immunogenicity of the vaccines and cured mice with large tumor burdens. 10 Therefore, to optimize the therapeutic efficacy of DKK1 vaccination, we combined the DKK1 vaccine plus CpG with anti-B7H1 (M5H1) monoclonal antibody (mAb) to block negative T-cell signaling or Figure 1 shows the schema of anti-tumor immunity following DNA vaccination with DKK1/defensin-2 DNA fusion vaccine.
These findings strongly suggest that DKK1 can be used as a universal tumor vaccine for active immunotherapy of MM and provide a rationale and platform for future clinical application of DKK1-based immunotherapy in patients with MM. However, for future clinical application, administration of the DKK1 vaccine as recombinant protein or (short and long) peptides might be more suitable than DNA (plasmid). Future work is needed to determine which form of the vaccine works best. 
